High-throughput functional screening for autophagy-related genes and identification of TM9SF1 as an autophagosome-inducing gene.
Autophagy, a tightly regulated process responsible for the bulk degradation of most long-lived proteins and some organelles, is associated with several forms of human diseases including cancer, neurodegenerative disease and cardiomyopathies. However, the molecular machinery involved in autophagy in mammalian cells remains poorly understood. Here, we describe a high-throughput, cell-based functional screening platform, based on an automated fluorescence microscopy system, which enables acquiring and quantitatively analyzing images of GFP-LC3 dots in cotransfected cells. From a library of 1,050 human cDNA clones, we identified three genes (TM9SF1, TMEM166 and TMEM74) whose overexpression induced high levels of autophagosome formation. In particular, overexpression of TM9SF1, which colocalized with LC3 according to the confocal assay, led to a significant increase in the number of GFP-LC3 dots. The results of transmission electron microscopy and immunoblotting to examine LC3-II levels further confirmed the ability of TM9SF1 to induce autophagy. Furthermore, knockdown of TM9SF1 expression by RNA interference could hamper starvation-induced autophagy. The functional screening platform therefore can be applied to high-throughput genomic screening candidate autophagy-related genes, which would provide new insights into underlying molecular mechanisms that may regulate autophagy in mammalian cells.